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Abstract
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The objective of this study was to determine the role of diagrams in solving word problems.
Many studies that focused on this topic concluded that when students were shown how to
implement schematic diagrams in their solutions, they were more successful in achieving correct
answers. Students were separated into two groups; a group that received instruction on creating
and employing schematic diagrams in solving three different problem types, and a group that
were given problems to solve without any instructional support. Despite detailed instruction and
increased completion time, there was no considerable difference in the final results of the
students, with respect to their use of diagrams and the correctness of their solutions.
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The Role of Visual Representation in Mathematical Problem Solving
From the time of early civilizations, mathematics has been a highly visual field. From
Pythagoras to Euclid, early philosophers relied on visual representations to convey their ideas
and discoveries to one another (Stylianou & Silver, 2004). In the many years since these
mathematicians lived, people have slowly distanced themselves from the use of visualization in
problem solving. Mathematics students today tend to rely less on diagrams, and more on
computation alone. Yet many recent studies have proven that proper use of diagrams increased
mathematical achievement among students. Current curriculum in most classrooms does not
emphasize the instruction of diagram use in problem solving, other than to promote
understanding of concepts. Although diagrams do not always guarantee success, they have been
proven to increase conceptual understanding and problem solving ability.
In this paper, the focus was on the significance of using a schematic diagram in the
problem solving process. For the past twenty years, there has been a greater amount of attention
placed on students’ use of visual representation in problem solving. When a student drew a
diagram in the solution, the diagram was only effective in problem solving if it depicted the
relationships between the objects in a problem. A diagram that contained excessive details about
the objects featured in the problem displayed a lack of understanding in the existing relationships
that were essential to solving the problem. Since the diagrams exposed the students’ conceptual
understanding, the diagrams that focused largely on the details in the problem belonged to
students’ who were unable to understand the fundamental relationships in the problem. Most of
the students had difficulty determining a correct solution, as they were sidetracked by irrelevant
details.
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Problem solving instruction involving modeling using schematic diagrams was found to
provide students with the means of conceptualizing the relationships in a problem in order to
create a diagram. This ability provided students with the means to become more successful in
their problem solving.
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Literature Review
In the last couple of decades, there has a been a large increase in the amount of research
being conducting in the field of math education. A large amount of this research has focused on
how students conceptualize the information presented to them in word problems. Although
students are employing diagrams in most of their solutions, the diagrams are often cluttered with
unnecessary details and missing the essential relationships occuring between the objects featured
in the problems.
Students’ ability to create a schematic diagram was found to be related to their spatial
ability. Students’ with greater spatial ability were found to have an easier time translating the
word problems into diagrams. Those with lower spatial ability were still able to create a
diagram, but had more difficulty determining the spatial relations between the components in the
problems.
With instruction, many students showed improved problem solving ability. When
students shown how to create a schematic diagram based on the problem type, many easily
recognized the relationships occuring between the objects. Students’ could produce a diagram
for the word problem, and consequently solve it, finding the correct solution.
The ability to easily generate a clear schematic diagram helped students to discover the
correct answer . It also helped many students to gain confidence in their mathematical abilities
and to enjoy mathematics in a manner they had never previously experienced.
This literature review will cover how students use the information given to them in a
word problem to create diagrams that display the spatial relations between the elements featured
in the problem. The impact of student diagrams were studied for the differences between a
mostly pictorial diagram and a schematic diagram, including the discrepancies in their effect on
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the students’ success in problem solving. Studies that discussed students’ spatial ability and its
role in the success of their problem solving were examined for methods to increase the use of
schematic diagraming in students’ solutions. The impact of schematic diagram instruction was
also researched for its impact on the classroom and on the mathematical success of the students
who were involved.
Schematic Diagrams
Mathematics is a highly visual field, not only within the study of geometry, but also
pertaining to problem solving. The ability to generate a mental image was considered “an
excellent tool to use when solving mathematical word problems” (van Garderen, 2007, p. 551).
The ability to visualize an object or to represent data are important tools in solving mathematical
problems and understand concepts (Edens & Potter, 2007).
There are three different categories of information processing that researchers have
discovered for how students approach problems. When students create a diagram to solve a
word problem, they create diagrams that are schematic or pictorial. Research has found that
students who employ schematic diagrams in their problem solving are largely more successful
than those that use pictorial diagrams.

Information processing.
There exist three different categories for classifying individuals as they approach a
mathematical problem. According to Hegarty and Kozhevnikoz (1999), there are a group known
as the verbalizers who favor verbal-logical situations presented to them over diagrams. The
second group was referred to as the visualizers, as they favor to envision a problem as an image
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rather than in words. The last group was the mixers, who show no preference to either mode of
presentation.
The group known as the visualizers can be further broken down into those individuals
who show a tendency towards visual imagery and those who prefer spatial imagery. Visual
imagery was described as the “visual appearance of an object, such as its shape, color, or
brightness” (Hegarty & Kozhevnikov, 1999, p. 685). Spatial imagery was described as the
relationships that exist between the various parts of the image, including its location and
displacement. It was found that “reasoning with visual representations is an important
component in solving many mathematical problems and in understanding many mathematical
concepts and procedures” (Bremigan, 2001, p.566). Students who used diagrams to solve
problems were better able to understand the relationships within the problem, and to identify the
problem type.
Schematic vs. pictorial.
A diagram has been defined as “a representation that you draw to show the parts of a
math problem and how they belong together” (van Garderen, 2007, p. 544). In fact, the use of
diagrams has been credited as being the most effective in mathematical problem solving
(Uesaka, Manalo, & Ichikawa, 2007). Researchers have defined two different types of diagrams
that students use in their problem solving solutions. The first was known as the schematic
diagram, which “depict[ed] proportional thinking and evidence of use of the drawing as a
problem-solving tool” (Edens & Potter, 2007, p. 288). Although it may include details, they are
only those relevant to solving the problem. The schematic diagram depicted the the relationships
occuring between the components of the problem (Xin, Jitendra, & Deatline-Buchman, 2005),
thereby serving as a tool in the problem solving process. In contrast, the pictorial diagram
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displayed vivid and detailed images (Hegarty & Kozhevnikov, 1999) that are mostly unnecessary
for solving the problem at hand. As a result, schematic diagrams, and not pictorial diagrams,
were “positively associated to success in mathematical problem solving” (van Garderen, 2007).
Diagram types & problem solving.
Pictorial diagrams are attributed to having a negative impact on problem solving success
for students. They contained a lot of excessive details that detract from the actual situation being
presented in the problem (Edens & Potter, 2008). The pictorial diagram did not negate the
efforts of the individual as they worked to solve the problem. Yet there was not any correlation
that occurred with the students’ solutions to the problems and the pictorial diagrams they drew
(Edens & Potter, 2008).
Students who used diagrams that were more schematic in nature were more successful in
their problem solving than students whose problem representations were less schematic (Edens
& Potter, 2007). It was discovered that “the more ‘schematic-like’ the visual representation, the
more successful students were at mathematical problem solving” (Edens & Potter, 2008, p. 194).
Schematic diagrams have also been proven to serve as an organization strategy that helped lessen
the students’ stress and focus better on solving the problem (Xin, Jitendra, & DeatlineBuchman, 2005). With all necessary and relevant information concerning the problem recorded
in the diagram, the students were unemcumbered with useless information that was featured in
the original problem. Edens and Potter (2008) found that students who were able to create
accurate schematic diagrams achieved success in problem solving activities.
In their study, Stylianou and Silver (2004) identified that students may face difficulty in
using diagrams based on their complexity and their high concentration of information. They
concluded that this difficulty may contribute to students being unwilling and uninterested in
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using diagrams. Through their research, they discovered that it was due to a lack of information
on how to create these diagrams that prevented students from effectively using diagrams in their
problem solving. Stylianou and Silver found that the use of diagrams was essential to success in
problem solving.
In a cross-continent study, researchers tested students in New Zealand and Japan for their
success in problem solving, relative to their use of diagrams (Uesaka, Manalo, & Ichikawa,
2007). In New Zealand, the curriculum accentuated the singificance of understanding and using
diagrams as a tool for communication and problem solving. In contrast, the japanese curriculum
only stressed the importance of understanding diagrams. As a result, New Zealand students had
a higher occurrence of diagrams in their work and correct answers. Japanese students had a
higher percentage of incorrect answers and inexistent or inaccurate use of diagrams. In their
conclusion, the group stated that their findings supported “evidence to the notion that using
diagrams in math word problem solving is largely beneficial” (Uesaka, Manalo, & Ichikawa,
2007, p. 332).
Spatial Ability
The ability to perceive mathematical concepts in a visual representation was found in
many studies to provide students with the necessary skills and confidence to solve different types
of problems. Many fields within mathematics involve some form of visual imagery, therefore it
is therefore essential to possess the ability to visualize objects and manipulate them in order to
successfully grasp concepts and solve problems. In her study on problem solving abilities, van
Garderen defined spatial ability as the “ability to mentally manipulate, rotate, or twist, or invert a
pictorially presented stimulus object” (2006, p. 496). Students who possess spatial ability were
found to be more successful in problem solving than those who did not have as much. There is
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aolso little research on the sex differences involved with spatial ability, although researchers
have found that art classes can help students develop their spaital ability.
Individuals and spatial ability.
Spatial ability was strongly related to an individual’s ability to grasp and comprehend
mathematical concepts, yet it was not always a guarantee of success. Students with low spatial
ability “attached little meaning to mathematical ideas and could not solve nonroutine problems”
(Wheatley, 1991, p. 35). Students who displayed high levels of spatial ability had an excellent
understanding of mathematical concepts. They struggled with standardized testing, but excelled
at nonrountine problems with which their classmates were unsuccessful. However, Wheatly
failed to address the reason for the students’ lack of success on standardized tests despite their
high spatial ability. He did mention that although a student can memorize information and
methodology, the ability to be successful in mathematics requires understanding of concepts. A
lack of spatial ability proved to help students succeed, which did not follow the widely held
belief that mathematics is a highly visual field of study (Edens & Potter, 2007).
Students with spatial ability have the skill to mentally manipulate objects, which leads
them to succeed at many different types of problems. Their ability to carefully analyze problems
and create schematic diagrams allowed them to transfer their skill to other problems (Edens &
Potter, 2008) that may not explicitly involve diagrams.
Individuals with high levels of spatial ability showed a natural tendency towards drawing
schematic diagrams in problem solving (van Garderen, 2007). As schematic diagrams involved
the relationship between the location and movement of objects, individuals who displayed spatial
ability are successful at creating these diagrams. For those who lacked in their spatial ability,
they created drawings that incorporated excessive information. According to van Garderen
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(2007), individuals with low levels of spatial ability developed pictorial diagrams , that showed
little understanding of the concepts and spatial relations in the problems being solved.
Success with spatial ability.
In their study, Hegarty and Kozhevnikov (1999) discovered that the ability to draw
schematic diagrams in mathematical problem solving was strongly related to possessing spatial
visualization ability. Van Garderen concluded that “students who performed well on the
mathematical problem-solving measures performed well on the spatial visualisation measures”
(2006, p. 501). Edens and Potter also discovered that there existed a strong significance between
a student’s spatial ability and their success in problem solving. Students who created correct
schematic diagrams achieved much higher levels of success than their counterparts who drew
only pictorial diagrams. “Spatial sense is indispensable in giving meaning to our mathematical
experience” (Wheatley, 1990, p. 11). Individuals with a low spatial ability have “deficits in
visual-spatial competencies” (van Garderen, 2006, p. 504) and were not as successul in solving
mathematical problems. It was found that individuals who exhibited the highest level of spatial
ability were much more successful at solving mathematial problems (Edens & Potter, 2007).
Solidifying the relationship between spatial ability and schematic diagrams, Edens and Potter
(2007, p. 294) are discovered that “students who used the most schematic-like representations
outperformed students who rendered representations at a lesser level of schematic element use”.
Sex differences in spatial ability.
Few studies have been conducted on spatial ability as it applies separately to males and
females. As many studies involved only small groups of students, researchers are reluctant to
make conclusions. In both studies conducted by Edens and Potter (2007, 2008), they found that
although females outperformed males in the construction of schematic diagrams, males were
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more successful with the problem solving. They presumed that females were more successful
with their drawing skills than males, which allowed them to create better schematic diagram.
Females were more inclined to use schematic diagrams (Edens & Potter, 2007), yet it was not
specified as to whether these diagrams were more often correct. There was no mention made as
to whether the females had better performance results in problem solving than their males
counterparts.
Art class and spatial ability.
Although it was not addressed in any study as to the origins of an individual’s spatial
ability, Edens and Potter (2007) discussed the function of art class in the development and
refinement of students’ spatial ability. Since spatial ability was a skill associated with art as well
as with mathematics, they believed that students can enhance their abilities in proportion and
spatial relations through art class. Diagrams were powerful tools in mathematical problem
solving and provided students with a greater ability to interpret and analyze problem information
(Steele & Johanning, 2004). The importance of spatial ability resulted in a recommendation for
enrichment of students’ “use of perspective as it related to problem solving” (Edens & Potter,
2008) in mathematical problem solving.
Teaching and Schematic Diagrams
For many years, teachers have shown students ways to solve mathematical problems
using diagrams. In a study conducted on word problems, it was found that “few models or
theories exist that form a basis for their construction” (Parmar, Cawley, & Frazita, 1996). The
effectiveness of current teachings came under scrutiny when most individuals in the studies
chose to solve the problems without drawing any diagram, unless explicitly told to do so.
Researchers differed on the exact causes for these choices, but many pointed towards instruction
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that these individuals received as they progressed through their mathematical education.
Recommendations included modeling the use of diagrams in problem solving to students
(Jitendra, Hoff, & Beck, 1999), while others demonstrated strategies such as goal identification
(van Garderen, 2007).
Problem types.
Different studies categorized word problems using similar titles, either focused on
exploring all of them, or only one. The problems were organized into three common story
situations; change, group, and compare (Jitendra, Hoff, & Beck, 1999). The change problem
situation used a beginning, followed by a change, and an end, to qualify the passing of time
(Jitendra A., 2002). In the group situation, the focus was on the subcategories and their relation
to the main category, and time was irrelevant. The last category was the compare situation,
where students were given two sets to compare and find their value. Students who were taught
to correctly identify these three different types of problems were able to create proper schematic
diagrams. In order to help students differentiate between different problem types, “schemata
diagrams were provided to allow students to map features of story situations over diagrams”
(Jitendra, Hoff, & Beck, 1999, p. 55). This method of instruction provided individuals with a
guide when approaching the different problem types. Once a student had learned to “interpret
and elaborate on the main features of the story situation and infer the relations between the
objects in the problem” (Jitendra A. K., 2008, p. 21), they were able to create a visual
representation, without using any incorrect information. Each of the three categories was further
developed, by having students solve one-step problems, and then two-step problems (Jitendra,
Hoff, & Beck, 1999). In the study, students were first introduced to the concept of visual
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representation using one-step problems. Once students were deemed competent, achieving
ninety percent correct, students were exposed and taught two-step problems.
Another prevalent topic in the literature was the use of consistent and inconsistent
language in problem solving. Consistent language enployed in compare-type problems used
words “that are in agreement with the proper arithmetic operation for solution” (Lewis, 1989, p.
527). Inconsistent language that was applied to compare-type problems “use[d] comparative
terms that are in conflict with the proper arithmetic operation for solution” (Lewis, 1989, p. 527).
For students who were instructed to search for keywords, problems such as these caused
confusion and misdirection in their solutions. Research found that students “make more errors
on inconsistent language problems than on consistent language problems” (Lewis & Mayer,
1987, p. 363). Although these two problem types have “different surface structures, they are
permutations of the same deep, semantic structure” (Lewis, 1989, p. 528). Unfortunately,
students who were not taught to search for the relationships within each of these problems, failed
to successfully solve these problems. The incorrect use of an operation, resulting from
inconsistent language, was referred to as reversal errors and were found to be a result of a
“difficulty of comprehending the conceptual relations” (Lewis, 1989, p.530) in these problems.
Problematic instruction.
Teachers, as well as their students, were not often completely aware of the power of
diagrams as tools to use in problem solving. Some techniques taught by teachers were found to
cause more harm to their students’ their problem solving skills. The use of “the association of
keywords with the mathematical operation was problematic in that reliance on these translation
cues can lead to systematic errors” (Jitendra, 2008, p. 20). This strategy required the students to
think less, acting methodically as they solve problems. The students did not have to process the
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information they were given, including determining the relations between the objects. As a
result, the students often missed what the problem was actually asking for, as they did not model
the situation they were presented. These students “fail[ed] to perform a deep-structure analysis of
the interrelationships among the word and the context in which it is embedded” (Parmar,
Cawley, & Frazita, 1996, p. 422). Students who were trained to search for keywords failed to
look for anything beyond as they were taught to place their faith in these cues. As a result, the
students were never able to see the bigger picture, containing the crucial relationship information
for the problem. The study concluded that “no training at all is better than training in translation
skills alone” (Lewis, 1989).
The inability to correctly solve and create a diagram for a mathematical problem was also
credited towards “the failure to make explicit the key aspects of domain knowledge needed for
problem solving” (Jitendra, DiPipi, & Perron-Jones, 2002). They found that the teaching of
organizing and grouping problems allowed for the better ability to solve problems.
Students were also found to have been taught “the four-step (read, plan, solve, and
check)” (Xin, Jitendra, & Deatline-Buchman, 2005) approach. The difficulty with this method
was discovered to be that students were not always able to decipher the operation type related to
the problem. Without the ability to recognize the related conceptual knowledge, the students
were unsuccessful in solving the problems.
Another problem discovered in a research study was the view of “diagrams as a ‘teacher
strategy’” (Uesaka, Manalo, & Ichikawa, 2007). These students believed that diagrams were
something that teachers used to show concepts and solutions, not as strategies for them to
employ in their own problem solving. These students embodied a distrust in the use of diagrams
in their own answers, resulting in lower scores and greater difficulty in solving their word
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problems. As much as they tried to “copy the way their teachers use diagrams”, they failed to
grasp the concepts behind the diagram use.
Recommendations for instruction.
Although many of the researchers differed in their backgrounds and practices, there was
some overlap in their recommendations for instruction. All of the literature included in the
research concluded that instruction related to schematic diagrams needed to be fixed in order for
student performance to improve. In a study on the effect of teaching problem translation and
integration, students who were taught only to identify statements in a word problem performed
worse than the students who did not receive any instruction (Lewis, 1989). The group of
students instructed in creating diagrams based on the problem situations outperformed both of
the previously mentioned groups, as they learned how to comprehend a problem situation, not
just to identify its components.
It was strongly recommended that teachers use “overt modeling of correct story mapping
and guided practice” (Jitendra, Hoff, & Beck, 1999). In their study, the researchers first
introduced students to different problems using story situations. Once students could identify
and create the appropriate diagram, researchers replaced the story situations with word problems.
Students were instructed to denote the unknown in the problem using a question mark. Finally,
they were shown how to decide which operation to use “by examining the part of the situation
that was unknown and whether or not it represented the total amount” (Jitendra, Hoff, & Beck,
1999). Students were encouraged to keep a notesheet as a reference throughout the study, to
solidify their learnings and provide self-confidence in their problem solving ability.
Along with “frequent student exchanges” (Jitendra, DiPipi, & Perron-Jones, 2002, p.55),
students were taught memory aids, such as underlining, to improve their reading comprehension
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of the problems. Students were encouraged to underline key statements in different problem
types aid in problem type identification, as well as in identifying the key relationships in the
problem. It was also found to be more efficient when the process of creating a diagram was
divided into two steps, that is, of “first drawing the diagram and second arranging the diagram to
show how the various parts of the diagram are related” (van Garderen, 2007, p. 545).
One approach identified by researchers was the concept of having students first identify
the goal of the problem (van Garderen, 2007). Known as backward chaining, the process
allowed the student to focus on overall question in a two-step problem, without getting
sidetracked by the details involved in the problem.
Since many individuals already possessed higher levels of spatial ability, researchers also
encouraged teachers to consider this fact in their lessons (Batista & Clements, 1991). They
believed that discussing visual representations of mathematics and inquiring about
transformations would result in more students using their spatial ability, as well as mathematical
terminology in describing their images. When teachers employed activities that encouraged their
students to create and manipulate visual representation, they demonstrated a high value for
imagery that promoted diagram use in their students (Wheatley, 1991). Wheatley discovered
that when students “are encouraged to use imagery, their mathematical power is greatly
increased” (Wheatley, 1991). When a teacher used situations relevant to students, the students
were found to be better able to create visual representations and to understand the mathematical
relationships occuring in the problem (Wheatley, 1991). “A variety of different examples, such
as many different sizes and shapes of triangles in non-standard orientations” was recommended
by Battista and Clements (1991). They concluded that this will aid students in their problem
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solving ability by helping mentally manipulate images, and possibly becoming better at
describing transformations in mathematical terminology.
Problems with instruction.
In some of the research, an instructional problem was found to occur when students were
encouraged to imagine the situation presented in the math problem (Hegarty & Kozhevnikov,
1999). As students with low spatial ability already have difficulty in doing this, instructing a
student to create a visual representation without information on how to do this was not
improving the situation. Hegarty and Kozhevnikov recommended that teachers have their
students create schematic diagrams, and avoid producing pictorial representations.
When a student was found to be aware of what a diagram is, it could not be assumed that
they necessarily knew how to use one in problem solving (van Garderen, 2007). Students must
be taught what a diagram is and how it can be used to effectively solve a problem. They must be
shown methods to create a diagram that will serve as an aid in their problem solving. When they
were able to produce their own visual representation of a problem, students found “greater
meaning to a task” (van Garderen, 2007, p. 550), leading to more successful outcomes in their
mathematical career.
Attitudes in the classroom.
In one study, it was discovered that once students received proper instruction about
schematic diagrams, the math phobia they previously possessed diminished. They “showed
increased confidence in [their] math performance and [were] more consistent in labeling [their]
work on problem-solving tasks” (Jitendra A. , 2002, p. 38). Students in this study revealed that
they had more positive outlooks towards mathematical problem solving after the schematic
diagram instruction.
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Researchers in another study found that individuals were “more enthusiastic about
solving word problems” (Jitendra, DiPipi, & Perron-Jones, 2002, p. 36) when they were being
given help in creating their diagrams. Positive reinforcement was received both by students who
found the instruction “easy to use and applicable to everyday life”, as well as by their teachers
who commented on its ease of creating a segue into higher mathematical concepts. In a study on
three different types of mathematical problems, students received instruction on how to “map
features of the story situation” (Jitendra, Hoff, & Beck, 1999, p. 55) which included highlighting
the missing element in the question, and the given information,before translating them to the
diagram. Afterwards, individuals concluded that “they liked solving the word problems”, and
that they “would recommend the strategy to someone in their class” (Jitendra, Hoff, & Beck,
1999, p. 62).
Successful instruction was also found to have a common characteristic of positive
feedback from teachers. Inidividuals who were more successful at using diagrams in solving
problems also were found to have greater encouragement from their teachers (Uesaka, Manalo,
& Ichikawa, 2007). These students implemented diagrams in their solution more often than
students who didn’t receive feedback on diagram use. Positive feedback, alongside with
additional instructional support when students needed it, contributed to better use of diagrams to
determine spatial relations (Jitendra, Hoff, & Beck, 1999).
Learning Disabilities and Problem Solving
For many students, problem solving was troublesome due to miscomprehension of a
problem’s structure, rather than arithmetic errors. For individuals with learning disabilities,
visualization of a mathematical problem was not a tool they used to solve a problem. When
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these students employed imagery in problem solving, they often used pictorial diagrams that led
to incorrect solutions (van Garderen, 2006).
Instructional intervention.
For students with learning disabilities, mathematical problem solving was a daunting
task. When students were asked to create schematic diagrams in their solutions, their disabilities
proved to be stifling. These students often “have low levels of success even on simple, direct
word problems” (Parmar, Cawley, & Frazita, 1996). However, with proper diagram-creating
strategy instruction, individuals were able to solve problems successfully, using visual
representation. Students who previously “performed below a mastery level” achieved
“improvements over baseline [that] were consistently maintained following the completion of the
intervention” (Jitendra, Hoff, & Beck, 1999, p. 62).
Before students received instruction on creating a schematic diagram, they “rarely if at all
used a diagram to solve a word problem” (van Garderen, 2007, p. 550). Many displayed
“considerable difficulty in transforming the linguistic and numerical information in a word
problem into a representation”. Afterwards, the students used diagrams more often and
effectively to solve mathematical problems, and performed better in their problem solving tasks.
“Students with disabilities showed a significantly lower rate of performance for every factor
(Grade, Operation, Statement, Information, and Steps)” (Parmar, Cawley, & Frazita, 1996, p.
422) than individuals without disabilities when they were given different problems to solve.
Once they had received instruction on the use of schematics in problem solving, many of the
learning disabled students became “enthused about the strategy and spontaneously applied it”
(Jitendra, DiPipi, & Perron-Jones, 2002, p. 36).
Spatial ability and the learning disabled.
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“Spatial sense plays a role in mathematical reasoning” (Wheatley, 1990, p. 10) and
therefore played a strong role in a student’s success rate with problem solving. In reference to
students with learning disabilities, the question of spatial ability was rarely addressed. Research
showed that “deficits in visual-competencies may interfere with the ability to solve word
problems” (van Garderen, 2006, p. 61). There was no correlation shown between a lack of
spatial ability and learning disabilities, either positive or negative. Both students with learning
disabilities and students with low spatial ability have been found to use more pictorial imagery
than schematic in their problem solving (van Garderen, 2006), although none of the research
noted any connection between these two occurences.
Summary
With an increasing amount of standardized testing occurring, “memorization of facts and
computational proficiency are main goals” (Wheatley, 1990, p. 11) of current educational
systems as these skills have proven to be effective in achieving success. Researchers have
concluded that many of the textbooks found in clasrooms “rarely provide sufficient instruction
on how to solve mathematical word problems” (van Garderen, 2006, p. 55). Without proper
instruction, students were found to rely mostly on their computational skills to solve
mathematical problems. When their own spatial ability failed to provide them with insight on
the relationships between the different components of a problem, students were left without the
capability or knowledge to set up word problems. Many individuals have experienced diagrams
only in the capacity of the demonstration of a concept, but not as an effective tool to be used in
solving problems. In one study, it was found that in order for students to improve their problem
solving abilities, it was “necessary for students to appreciate the value of using diagrams in
solving math word problems if they are to use them” (Uesaka, Manalo, & Ichikawa, 2007, p.
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333). From this point, students were able to develop their spatial ability by gaining art skills and
through explicit instruction in problem solving strategies. Using schematic diagrams, students
were able to visualize the relationships between components in problems, and solidify their
conceptual understanding of mathematics.

Role of Visual Representation 28
Methodology
The purpose of this study was to examine the contribution of schematic diagrams in students’
problem solving abilities. Many studies have upheld that the use of a diagram that depicts the spatial
relationships occurring in a word problem leads to correct solutions. The test results of students who
were instructed in the use of schematic diagrams were compared to the test results of non‐instructed
students. Student solutions were evaluated for their use of diagrams and the correctness of their
solutions, and the relationship that occurred between the two. The evaluations between the two groups
of students, instructed and non‐instructed, were then examined to judge the role of the diagrams in the
students’ solutions.
Participants
The subjects chosen for this study were high school students whose success in mathematics
classes varied from poor to average. Most students had at least two years of high school mathematics
experience, although not all of those years were successful ones. All of the students in the study were
participants in a special program within the high school for students who were deemed high risk for
dropping out of school. They were students who had a low number of credits due to either behavior
reasons or health and family issues that impeded their academic success. Students who participated in
the study were currently studying Algebra, Geometry, Algebra II, or Applied Consumer Math. Their age
ranged from sixteen to nineteen years, where approximately forty percent of the subjects were female,
and sixty percent were male. Many of the students were proficient in mathematics and had been
successful since they joined the program. While in the program, they were taught in a smaller
classroom, and the average number of students in each class was four. The students were receiving
more one‐on‐one help, including personalized lessons that focused on their weaknesses. Also, the
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cozier environment allowed for greater teacher‐student relationships to build and flourish. This was
crucial for the success of these students, as it increased the attendance for many by almost double, in
comparison to the previous year’s attendance records.
Two students were listed as special education students with individualized education plans (IEP)
and four students had 504 plans. All accommodations were met during the study, including extended
time, quiet testing area, and test read. No student refused any of their modifications.
The students were divided into two groups for the study; those who would receive instructional
intervention and those who would not. They were divided into three groups to ensure that a student
with an individualized education plan and a student with a 504 plan were included in both groups of the
study. Students’ names were separated as follows; those with individualized education plans, those
with 504 plans, and the remaining students. From each of the three groups, students were randomly
chosen and then divided accordingly at the first meeting into the non‐instruction group or the
instruction group. The instruction group received instructional intervention to encourage the use of
visual representation in problem solving, and the instruction group simply received practice problems to
work on independently.
Materials
Most of the students in this program had little experience using a graphing calculator. When
they had a choice of a TI‐84 graphing calculator and a TI‐30X IIS scientific calculator, students chose the
scientific calculator. When prompted, a common reason for the choice was the familiarity and ease of
use when dealing with fractions. It is important to note that the students within this program only
gained access to the TI‐84 graphing calculators a couple of months prior to the study.
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In this study, students were given both the TI‐30X IIS scientific calculator and the TI‐84 graphing
calculator for all parts of the study. Both types of calculators were given out so that students may
choose the calculator they prefer and feel most comfortable using, to avoid spending too much time on
calculator instruction. The intention of the study was to study the use of visual representation in
problem solving, not the use of a graphing or scientific calculator.
Students were also given a pen, but not any scrap paper, as they were given ample space to
solve all problems on the tests and practice handouts themselves. It was crucial to the study that all
their work be documented and kept with the test to determine their use of visual representation in their
problem solving. Any work produced by a student could contain relevant and insightful information to
their ability to solve word problems. Any student work was therefore not considered as scrap. Pencils
were not permitted because all student work was considered relevant to the study and in examining
students’ thought process, including whether they ever considered or employed any visual
representation but decided against using it in their solutions.
Procedure
The first step of the study involved having the students of both groups complete a survey
(Appendix A) on their attitudes towards mathematics and problem solving. The questions involved
determining their general opinion on mathematics, and their view of word problems, arithmetic, and
using diagrams in their solutions. The results for each question on the survey were considered for the
interventional instruction. Areas with which students showed the lowest positive opinion were made a
stronger focus of the instruction, to try to improve the overall outlook in those areas. If students
showed a lack of interest in re‐reading a problem, they will be encouraged to do so during the
instructional intervention and shown the positive effects of doing so.
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In order to establish a base line for the students’ problem solving abilities, each group was given
the same test (Appendix B), following the testing accommodations listed in the individualized education
plan or 504 plan for each student. The questions were mostly one –step problems involving
comparison, grouping, or change situations. The students were read the following script before they
commenced the first test;
"You must use a pen, but not an erasable pen.
All work must be visible. Any work that you do not wish to be graded can be crossed out with
an X. Do not scribble over or cover up any work. It will be examined only for the purpose of this
study.
You will not be penalized for an incorrect work if an X has been drawn through it.
You will not be allowed to work with a partner.
You may not use any books or class notes to solve the problems.
You must circle the solution to each problem.”
Students in both groups were given one hour to complete the first test with more time given for
those whose IEP or 504 plan indicated that they needed extended time. Their tests were checked
before they are handed in to ensure that each student had attempted and solved each of the problems.
All answers had to be clear and easy to read, as well as circled as the students had been instructed when
the test was first disbursed.
Tests were graded for two components. The first involved the numerical correctness of the
solution. A grade was given on whether the student was able to achieve a solution of the problem,
irrelevant of the method used. One point was given for a correct answer to a problem, and zero points
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were given to an incorrect answer. The second component that was graded in the students’ tests was
the visual representation used for their solution. A student was given zero points for not including any
visual representation in their solution. If a student used a visual representation, they were given a
possibility of two points. A student’s diagram was given two points if it was deemed primarily
schematic, thereby demonstrating spatial ability. In other words, if a student displayed the spatial
relations between the various objects in the diagram as well as accurately having depicted and labeled
each object. They were given one point for using a primarily pictorial diagram. A diagram was
considered primarily pictorial if it visually represented the objects from the problem being solved, but
failed to recognize the spatial relationship between the objects.
For each group, the students’ papers were graded following the above mentioned method and
scale. The solutions for each problem were reviewed in the following class period, without any focus or
suggestion for using a diagram to solve any of the problems. Students in the instruction group were
encouraged to re‐do the problems as they were done by the teacher, so that they may obtain the
solution for each problem for which they received the incorrect answer. Once the first test has been
reviewed and any questions pertaining to the solutions have been answered, the students began a
packet of practice problems.
The packets were given to both the non‐instruction group and the instruction group and
involved each of the three types of problems; group (Appendix C), compare (Appendix D), and change
(Appendix E). The problems were divided into each of the three categories, so that students were able
to study each type and come to their own conclusions about each one. Students were given two hours
to complete each packet.
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The non‐instruction group was not encouraged to use any diagrams in their solutions. They
were not given any indication as to whether a diagram they produced was correct, schematic or
pictorial. The non‐instruction group was left to discover a means to a solution by themselves. Students
were not taught to look for keywords to identify the problem type, or helped to draw any similarities or
conclusions between the problems. The teacher acted as a guide for calculator usage and for minimal
interpretation of the words in a problem. Students had to solve each problem using only previous
knowledge and any gained through the packet. Students were given both the grade for the correctness
of their solution and for their diagrams.
For students in the instruction group, the first test was reviewed, with the teacher
demonstrating schematic diagrams that represented the problem and were used to discover a solution
to the problem. Students were instructed to copy down the schematic diagram for each problem. The
teacher also indicated for each diagram the components that made it schematic and a successful
representation of the problem. The teacher encouraged students to use a schematic diagram, and
noted the differences between pictorial (visual representations of objects) and schematic
representations (representations of the spatial relationships between the objects and labels for the
components). The teacher taught the students how to create the diagram by selecting the words in the
problems that represented the spatial relationship and how the diagram was easily used to model the
problem algebraically.
The instruction group was given the same packet as the non‐instruction group, involving the
three types of problems (Appendix C, D, and E). For each type of problem, students were taught to
recognize the keywords that represented both the situation type and the spatial relationship between
the objects. The teacher demonstrated how to create a schematic diagram for each problem, and then
how it was used to solve the problem and determine a solution. The teacher indicated a common
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theme for the diagrams within each situation type. For problems involving a compare situation, the
teacher instructed students to examine the problem situation for two different groups. Students were
also taught to search for the words more than and less than that involve the comparison of different
groups. The diagrams for these situations resembled the following:

Reference
set

Difference

Comparison
set

For group situations, students in the instruction group were taught to recognize the whole and
part quantities featured in the situation. The teacher instructed students to study the relationship
between the objects in the problem for creating their diagram. The diagram used for this type of
situation was as follows:
Parts

Whole

For change situations, students in the instruction group were taught to examine for common
keywords such as lost, decrease by, reduced. These words indicate that a beginning quantity existed,
followed by a change that occurred, leaving a final quantity. These situations were shown to the
students to be depicted as follows:

Change
Beginning
quantity

Final
quantity

Role of Visual Representation 35

In each section, the teacher demonstrated how to create the schematic and diagram for the first
few problems, and then gradually began to provide only guidance. The solutions and an example
schematic diagram was given for each problem at the students’ completion of each section.
Once they were finished the packets, students were given a second test (Appendix F), similar to
the first test. They were given an hour to complete it. They were given the following, same instructions,
as the first test.
The second tests were graded in the same manner that the first tests were graded. Students’
tests were graded for the correctness of their solution. A correct answer was given one point, and an
incorrect answer was not given any points. The tests were also graded on the students’ use of a diagram
in their solution. If the student failed to use any diagram, they were given zero points. If a diagram was
drawn but it was primarily pictorial, the student was given one point. A student was given two points if
they drew a diagram that was primarily schematic.
Once the tests were collected, students in each group were given the second survey (Appendix
G) on attitudes towards mathematics and problem solving. The results of this survey were tabulated for
each question. Each question was scored out of four points; zero points for strongly disagree, one point
for disagree, two points for neutral, three points for agree, and four points for strongly agree. The
average score for each question was calculated. For each group of students, the findings were
compared to the results from the first survey, to check for any difference in the students’ attitudes.
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Results
For most of the test subjects, the experiment took four weeks to complete, running over
the allotted two weeks. Despite this time extension, almost half of the participants failed to
complete all the necessary steps in the process. Those students that did complete the experiment
demonstrated little change in their use of diagrams during problem solving. In the last test they
were issued, students used a diagram in only two of the problems, whether or not they received
instruction that encouraged and demonstrated how a schematic diagram would be effective in
problem solving. Despite their lack of diagram usage, the second survey showed evidence that
students no longer believed the use of diagrams to be inconsequential in problem solving.
Student performance on the problems was measured by their use of schematic diagrams
in their solutions, as well as by the correctness of their answers. In order to simplify the results,
the average scores for the two groups of students were studied and compared, instead of by an
individual student basis. Through the examination of the student data, it was determined that the
averages were sufficient representations of most student scores, as they accurately represented
the majority of student scores. The average scores were rounded to the nearest hundredth of a
point to allow for better discrimination between similar scores. Since each test and packet
involved six problems, students could achieve a total of twelve points for the correct use of
schematic diagrams and a total of six points for correct answers to the problems. On each
question, a student was given two points for a schematic diagram, one point for a pictorial
diagram, or zero points for no diagram. Students were then given one point for each correct
answer, and zero points for each incorrect answer.
First Test
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The average student performance demonstrated an almost nonexistent use of diagrams of
any kind in their problem solving. The average diagram score for all students was 0.88, while
the average score for correct answers in the problems was 1.64. When the student results are
examined according to the non-instruction and instruction groups into which they were divided,
the scores remain similar to the overall average. For the students who did not receive instruction,
their average diagram usage score was 0.83 and their correct answer average score was 1.67. For
the instruction group, their average diagram score was 0.92 and their average correct answer
score was 1.62. In examining the average scores per question for both diagrams and correctness,
the relationship between the two scores was nonexistent for all groups of students. For the noninstruction students, their diagram points came only from the fourth question, as can be observed
in figure 1. As for the group of instruction students, diagram points were equally distributed
among their solutions for questions one, two and four, as shown in figure 2. However, the use of
diagrams played an insignificant role in obtaining a correct answer. As shown in figures 1 and 2,
the diagrams drawn by the students in either group offered were more often unrelated to the
problems for which they received a correct answer.
Practice Data
Students in both the instruction and non-instruction groups were given the same practice
problems to complete. A similar number of students from each group completed the practice
section during the four week time period. The practice portion of the experiment occurred for
three problem types: group problems, compare problems, and change problems.
For the group problems, the use of diagrams was low, even for the instruction group. The
average score received by the students for diagram usage was 2.24 and the average correct
answer score was 2.84. There were only two students in the non-instruction group who used a
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schematic diagram on problem five. As a result, the average diagram score for this group of
students was a very low score of 0.33. The average correct answer score for the non-instruction
students for the group problems was a 1.75. For the instruction group of students, a few of the
students used schematic diagrams in solving many of the problems, which gave an average
diagram score of 4.00 and a correct answer score of 3.92. When looking at the relationship
between the use of diagrams and correct answers, the data showed some correlation. The noninstruction group had small use of diagrams in proportion to their correct answers. The
instruction group had a higher number of diagram points, but there was a weak relation with the
amount of correct answers they received.
In solving the compare problems, the students achieved an average diagram score of 1.28
and an average correctness score of 4.39. Those who did not receive instruction were able to
find the correct answers to most of the problems. Only one student used a schematic diagram to
solve a problem, and was successful in solving it. The average diagram score was 0.25, but the
average correct answer score was 3.50. For the instruction group, they had a slightly higher
average score of 2.10 for their diagram use. Their average correct answer score was significantly
higher at 5.10. In comparing the use of diagrams to correct answer, the majority of correct
answers were received with minimal diagrams. For the non-instruction group, correct answers
were achieved with minimal diagram presence. In the instruction group, most students received
correct answer points without much use of diagrams.
The last group of practice problems that were featured in the experiment was the change
problems in which the average diagram score was 0.21 and an average correctness score of 3.37.
In the non-instruction group of students, the diagram usage was non-existent, and the average
score on the problems for correct answers was little more than half, at 3.50. For the instruction
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students, they experienced an average score of 2.10 and an average correct answer total of 5.10.
Most students did not use any diagrams, yet many achieved some success. For students in the
non-instruction group, correct answers were found without any diagram use at all. In the noninstruction group, diagrams were used on only one problem out of the packet completed by the
students, having little relation with finding the correct answers.
Second Test
After completing the practice packets, students of both groups were assigned the second
test. The scores were low overall, with an average diagram score of 0.50 and an average
correctness score of 1.67. The non-instruction group of students received a low average diagram
score of 0.29 and an average answer score of 1.71. For the instruction group, they achieved an
average score of 0.80 for their diagram use and an average correct answer score of 1.60. The
only question on which the students created a diagram was the one that the students achieved
slightly more correct answers than for the other questions, as shown in figure 4. In the noninstruction group, students received higher scores on two problems, but only created diagrams
for one problem, thereby showing an inconsistency in the role of the diagram in problem solving,
shown in figure 4. Although students in the instruction group achieved more diagram points, the
non-instruction group achieved a better spread of correct answers among the problems.
Survey Data
Students were given a survey at the beginning of the process and a similar survey at its
completion. The students were asked a series of questions, the majority of which were answered
using a scale; strongly agree, agree, neutral, disagree, or strongly disagree. Their answers were
recorded so that they may be studied for change from the beginning of the study until the
completion of the experiment. Since the majority of the questions on the initial and final surveys
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were the same, their results were compared for any changes in students’ beliefs and sentiments in
relation to mathematics, its instruction, and their own practices. Pie charts were used to examine
the results, as they would denote significant changes in students’ answers through both visual
and numerical presentations. In order to gain a general consensus on certain topics for each
student, multiple questions were asked concerning the same ideas. The results for the questions
in the initial and final surveys were assessed in groups, according to these common topics.
The first group of questions that students were asked involved how much the students
enjoyed their math class. This group of questions included questions three and five on the first
survey and questions three and four on the second survey. In examining the results from both
surveys, there was a general decrease in the percentage of students disliking math class by the
end of the study.
The next group of questions involved the students’ confidence in their own mathematical
ability. Questions six, nine and sixteen on the first survey and comparing their results to the
questions six, eight and fourteen that students answered on the second survey. From question six
on both the initial and final surveys, it was observed that students showed a greater lack of
confidence in their math competency at the end of the study. In examining question nine on the
initial survey and question eight on the last survey, students showed an increase in neutral
sentiments over the ability to solve a math problem when they were presented with a diagram, as
shown in figure 5. A great amount of students agreed that creating a diagram helped them in
solving a problem, in analyzing questions sixteen in the first survey, and question fourteen in the
second survey.
The next topic for questions involved the students’ opinions of the math instruction they
received, as well as questions seven and twelve on the second survey. For question seven on
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both surveys, students concluded that they found example problems less helpful by the end of the
study. There was a large increase in the percentage of students who believed that their teacher
encouraged the creation of diagrams during problem solving, from the students’ answers for
question fourteen on the initial survey and twelve on the second survey.
The final topic studied in the surveys involved students’ techniques in problem solving.
Questions ten, twelve, thirteen, fifteen, seventeen, eighteen, and nineteen on the first survey
correspond to questions nine, ten, eleven, thirteen, fifteen, sixteen, and seventeen on the second
survey. In assessing the results from question ten in the first survey to question nine in the
second survey, more students disagreed that re-reading a math problem would be a waste. Less
students stated that they did not review their calculations in question ten in the final survey then
they previously admitted in question twelve in the first survey. Yet there was also little increase
in students claiming that they did any calculation check, as shown in figure 6. In the question
eleven in the second survey, fewer students claimed that they did not draw diagrams, but less
agreed that they did draw any then in question thirteen in the first survey. There was a
significant increase in the number of students that restated a problem they were trying to solve as
a technique for solving a word problem, in analyzing question fifteen from the initial survey and
question thirteen from the final survey. In comparing the results from question seventeen from
the first survey and fifteen from the second survey, students’ responses also displayed a large
increase in recalling similar problems they had previously completed while trying to solve a
problem. For question sixteen on the final survey, students showed a large increase in
uncertainty as to whether it helps them to draw a diagram in solving a problem from their
responses in on question eighteen on the first survey, as depicted in figure 7. It is noteworthy
that more students agreed that rereading a math problem helped them to solve it by the end of the
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study than did in the beginning, as shown in figure 8, given the results in question nineteen of the
initial survey and the responses for question seventeen of the final survey.
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Discussion
Despite daily instruction emphasizing the significance of schematic diagrams in problem,
students failed to implement any diagrams in their solutions, thereby demonstrating no
improvement over their uninstructed peers. Instructed students were shown how to create
general diagrams for the three problems types, and specific diagrams for each problem featured
in the packets. Despite the detailed instruction, students failed to include the diagrams in their
solutions. Students who did not receive any instruction were found to create approximately the
same number of diagrams as the instructed students.
Many students in the instruction group received high correct answer scores, despite low
diagram usage scores. This can most likely be accounted for by the diagram being displayed
during instruction, that students used solve a problem without re-copying or modifying the
diagram for their own solution. In this respect, the student employed a diagram in their problem
solving, but the evidence of it is missing. As a result, it is difficult to tell the impact of the
schematic diagrams on the students’ thought process. Although students were encouraged to
have a copy of the diagram on their own worksheet, most disagreed that it was necessary to the
learning process and felt that they would remember the diagramming process without re-copying
it. There was also some discussion during the solving of the problems that could have
contributed to the students’ solutions but went undocumented in the process. If the experiment
were to be repeated, a greater emphasis would have to be placed on the students concerning the
importance recording all ideas and diagrams witnessed during the solution stage. Not only
would it help in the experiment to have the students keep track of their ideas and the diagrams
they used, but it would give them greater reinforcement of learned concepts and a reference to be
used in studying for future examinations.
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Despite receiving the instruction on the use and types of diagrams appropriate for the
different problem types, there was minimal difference in the scores for the second test between
the instruction group of students and the non-instruction group. In fact, the instruction group
performed slightly worse on the second test than the non-instruction group, even with a slightly
greater use of diagrams. Therefore the instruction did not play any significant role in improving
students’ ability to solve word problems. In fact, the lengthiness of the process, as well as the
many challenging problems did more to frustrate some of the students than help them with word
problems. Some students became unwilling to complete the process and had to be coaxed into
completing it, often resulting in work that displayed a great lack of effort and interest.
Many students possessed a natural inclination to avoid word problems, as well as any
problems involving fractions, which also fed into the disinterest and unwillingness to participate
by students of a variety of levels of ability. In order to encourage maximum participation
without fear of failure, students were informed that an incorrect answer would not penalize them.
For some of the students, this information gave them the courage to try and solve some of the
more difficult problems. Other students resorted to guess and test measures to find the solution
of the problems. Students left some of the more challenging problems completely blank when
they felt that the problem was not even worth the effort of trying to set it up. Despite attempts to
motivate and encourage students in their problem solving process, many students still refused to
undertake the challenges. This can most likely be attributed to a combination of laziness, lack of
confidence in their work, and a poor understanding of the importance in showing one’s work.
There were some difficulties suffered by the experiment due largely in part to the
classroom setting. For students who took two difference math classes in the same semester, they
had twice as much time available for working on the experiment’s math problems than other
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students. Also, the math classroom occupies half of a classroom that is shared with the social
studies teacher. Due to this room setup, there may have been students in the room from the noninstruction group while instruction was occurring.
Despite repeated warnings, some students were continually found discussing the
solutions with their peers during the experiment. This could also account for some missing
conceptual data in their solution. In a repeat of the experiment, students would have to be
separated to eliminate any chance for collaboration, particularly those in the non-instruction
group. The shared classroom setup did not allow for much separation between students, as
students sit around a large table and not at individual desks.
Through the surveys, few students showed any significant improvement in their
sentiments towards mathematics or problem solving. In fact, there was an overall increase in the
amount of neutral answers, suggesting that students may have cared less during the second
survey. Most of the students completed the second survey in only a few minutes, as they knew it
was the last installment in the process and wanted to have it completed. For this reason, if the
experiment were to be repeated, the packets and tests may need to be shortened.
It is important to note that almost half of the students who began this experiment did not
complete it. One student moved out of the state, while another student was no longer able to
attend school due to outside responsibilities. These and other reasons for their inability to
complete the experiment are the same reasons they are participating in the alternative education
program. Poor attendance, a lack of student accountability, and bad behavior are the most
prevalent reasons for which students did not complete this process.
If this experiment were to be repeated, a broader spectrum of students should be chosen.
Also time limits should be imposed and enforced, to avoid the doubling and tripling of the
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allotted process time. While it is important to include students with all different sentiments
towards word problems and fractions, it might be more conducive to the success of the
experiment to find students who are more willing to participate. Although the vast majority of
the students featured in this experiment were in great need of a problem solving intervention, few
students believed, or even cared, that a problem existed.
Although the students in the survey created many more schematic diagrams than
pictorial, the number of diagrams created in the students’ solutions was minimal. In some of the
research, it was concluded that the more schematic a student’s diagram was, the more successful
they would be in their solution. Yet, in this study, students who created a schematic diagram had
the same success rate as students who did not create a diagram. As one study concluded,
students were often unwilling and uninterested in using diagrams in their problem solving,
despite the instruction they receive, due to the complexity of the problems. In this study,
students were turned off from creating a diagram for the same reasons as found in the research,
as well as because of their overall disdain for solving any form of word problem.
Although the students’ spatial ability was not assessed in this study, the students with the
higher math grades in their classes were more likely to use schematic diagrams in their problem
solving. The greater use of schematic diagrams does not guarantee a high level of student spatial
ability, but it did suggest the possibility the more successful math students might have possessed
more spatial ability than those who were less inclined to use a diagram in their solution.
The research suggested using three different problem types in the instruction to help
students identify the differences between them. Yet, few of the students featured in this study
showed any difference resulting from the instruction of the three types of problems. The
students approached each problem situation the same, struggling to create an equation based on
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the perceived unknown. When the concept of backward chaining was applied, students became
more focused on discovering a solution than on creating a diagram for obtaining a correct
solution.
Despite the advice of some research, few students applied the study techniques, such as
underlining and circling words in the problems, when they attempted to solve a problem.
Although students observed the teacher using these techniques, they were not told that it was
required for them to repeat these techniques and therefore did not perceive any benefit in using
them.
There was not any significant difference in the attitude of the students toward problem
solving from the beginning of the study until its conclusion. Some of the research showed an
increase in the positive energy after schematic diagram instruction, but this was not observed in
this study.
In the future, it would be more effective to first determine the spatial ability of each
student before beginning instruction, to determine offer more effective instruction to students,
related to their areas of weakness. More time should be spent on developing and fine-tuning the
students’ spatial ability, both in math class as well as in art class, before beginning the instruction
on techniques for analyzing and solving a word problem. In this way, students who are in great
need of developing their spatial ability will receive specific instruction. By doing this, students
who already possess a high level of spatial ability will not receive unnecessary instruction that
could result in behavior issues if the student perceive that they are not in need of this instruction.
Once students with low initial spatial ability have improved their skills, instruction could
be taught to differentiate between different story situations before focusing on solving for
unknowns. This instruction would expose students to various story situations where they could
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be taught to properly identify each type of situation and create the schematic diagrams that
illustrate the spatial relationships, without being troubled about solving an equation. When
students would then be presented with a problem situation involving an unknown, they would
then have the skills to approach the problem by creating a schematic diagram. Students would
be able to establish the spatial relationships occurring within the problem before they became
preoccupied with solving for the unknown.
By focusing more on the spatial ability of the students involved in the research, the
instruction could be differentiated to aid those involved in the areas in which they require the
support. By avoiding any unnecessary instruction, the process would become more efficient and
would keep all those involved better focused on the intended goal of the study. When the
instruction becomes more personal to those involved, there is less chance for behavior issues and
a more positive attitude occurs.
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Survey
Mathematics Problem Solving
Answer the following questions to the best of your ability.
1. What is mathematics?

2. What features make a mathematics problem interesting?

For the remaining questions, circle the most appropriate response.
Strongly
Strongly
Disagree Disagree Neutral Agree Agree
3. I enjoy solving word problems in math class.

SD

D

N

A

SA

4. I like to solve puzzles.

SD

D

N

A

SA

5. I enjoy math class.

SD

D

N

A

SA

6. I am competent at solving math problems.

SD

D

N

A

SA

7. If I am given enough examples on how to do a type
of problem, I can solve any of those problems.
SD

D

N

A

SA
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8. I like to solve riddles.

SD

D

N

A

SA

9. If I am given a diagram for a problem, I can
usually solve it.

SD

D

N

A

SA

10. Reading a problem more than once is a waste
of time.

SD

D

N

A

SA

11. I learn mathematics best when someone shows
me exactly how to do the problem and I can
practice the technique.

SD

D

N

A

SA

12. When I have finished working on a problem,
I check my calculations for errors.

SD

D

N

A

SA

13. I draw diagrams to help me solve problems.

SD

D

N

A

SA

14. My teacher encourages me to draw diagrams
when solving problems.

SD

D

N

A

SA

15. I try to restate a new math problem in my
own words.

SD

D

N

A

SA

16. Drawing a picture or imagining real physical
situations helps me do mathematics.

SD

D

N

A

SA

17. After reading a problem, I try to remember if I
have ever done a similar problem before.

SD

D

N

A

SA

18. It helps to draw a diagram when I am trying to
solve mathematics problems.

SD

D

N

A

SA

19. I read a problem more than once to make certain
I understand it.
SD

D

N

A

SA

20. My teacher uses a diagram to solve problems
when she does problems for the class.

D

N

A

SA

SD
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Name:__________________________________________
Test #1
Please solve the following problems.
Use the calculators provided.
Use only a pen.
Record all work in the space provided. Do not scribble or cover any incorrect work. Simply
put an X over the incorrect work.
1. Sam has a prescription medicine plan in which he pays either $15 or $25 for each
prescription. Last year, he purchased 15 different medications and paid a total of $355.
How many $25 medications did he buy?

2. During the fall term there are a certain number of students in an economic class. Of these
3
students, are sophomores and the rest are juniors. At the beginning of the spring term,
8
one sophomore transfers out of the class and two juniors transfer in. Now sophomores
1
of the class. How many students are enrolled in the class during the fall
make up
3
term?
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3. There are 87 dues –paying members of the Parent-Teacher Association at Cheshire
Valley Middle School. Of these 87, there are 41 more women than men. How many men
are dues-paying members of this organization?

4. Benson can build a cement walkway in 6 hours. If he starts at noon and works without
5
stopping at a constant space, at what time will he have completed
of the walkway?
12
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5. Ginnie’s current age is twice that of her daughter. Next year, Ginnie’s age will be a
perfect square, as will her daughter’s. How old is Ginnie’s daughter this year?

6. A store offers a DVD for sale at a list price of $22, then sweetens the deal by advertising
15% off. When no one wants to buy the DVD, even at the sale price, the store reduces
the price by an additional 10%. What is the current selling price of the DVD?
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Name:__________________________________________
Practice Packet
Please solve the following problems.
Use the calculators provided.
Use only a pen.
Record all work in the space provided. Do not scribble or cover any incorrect work.
Simply put an X over the incorrect work.

Group

Parts

Whole

1. Two pickup trucks hauled the bags of trash away. One truck hauled 56 bags and the
other hauled 47 bags. How many bags of trash were hauled altogether by the two trucks?

2. The legislature of a certain country has 239 members. Five of these members belong to
the Autocratic Party. The rest belong to either the Oppressive Party or the Domineering
Party in the ratio 9:4. How many members, in all, do not belong to the Oppressive Party?

3. A row of tulips includes 24 red tulips and a certain number of yellow tulips. If yellow
tulips make up 60% of the tulips in the row, how many yellow tulips are there?

4. The field hockey team at Golden High School includes a certain number of players. Of
these players, 35% are seniors, 25% are juniors, and 15% are sophomores. The
remaining five players are freshman. How many seniors are on the team?
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5. In a community of 416 people, each person owns a dog or a cat or both. If there are 316
dog owners and 280 cat owners, how many of the dog owners do not own a cat?

6. A college sold tickets at $4 per ticket. Anyone who attended and purchased a ticket at the
door had to pay $5 a ticket. A total of 480 people attended the play and the revenue from
ticket sales was $2100. How many people bought tickets in advance and how many
people bought tickets at the door.
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Name:__________________________________________
Practice Packet
Please solve the following problems.
Use the calculators provided.
Use only a pen.
Record all work in the space provided. Do not scribble or cover any incorrect work.
Simply put an X over the incorrect work.

Compare
Difference Set

Compared Amount

Referent Amount

1. The first stage of a rocket burns 28 seconds longer than the second stage. If the total
burning time for both stages is 152 seconds, how long does each stage burn?

2. It takes Tom 11 minutes to run the mile. If Jerry can run the mile in half this time, how
fast does Jerry run the mile?

3. I have $11.60, all dimes and quarters, in my pocket. I have 32 times more dimes than
quarters. How many dimes, and how many quarters, do I have?
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4. A man is nine times as old as his son. In nine years, he will be only three times as old as
his son. How old are each now?

5. Marion is paid $24 for 5 hours of work in the school office. Janet works 3 hours and
makes $10.95. How much more per hour does Marion make than Janet?

6. Your class is going to the zoo for a field trip next week. There are 6 lions at the zoo.
Your friend wants to see the monkeys. There are 3 less monkeys than twice as many
lions. How many monkeys will your friend get to see?
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Name:__________________________________________
Practice Packet
Please solve the following problems.
Use the calculators provided.
Use only a pen.
Record all work in the space provided. Do not scribble or cover any incorrect work.
Simply put an X over the incorrect work.

Change

Change Set

Beginning Amount

Ending Amount

1. Anna bought a box of 72 colored pencils for school. By spring break, she only had 5/8 of
the original pencils left. How many did she lose?

2. A musical instrument depreciates by 20% of its value each year. What is the value, after
2 years, of a piano purchased new for $1200?

3. James is 5 feet 6 inches tall on his first day of high school. One year later, he measures
his height again and finds that he has grown 11% of his initial height. How tall is James
now?
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4. At the end of August, Alannah opened a bank account with $1850 she had earned from
her summer job canning tomatoes. Over the next year, she neither withdrew any of the
funds nor deposited any more money in that account. If she earned 2% interest on her
money during that time, how much money did she have in her account after one year?

5. If Samantha were three times as old as she was five years ago, she will be sixty less than
six times her current age. How old is Samantha?

6. At the beginning of a road trip, Pam’s car had 18 gallons of gas in the tank. She stopped
for a break after two hours, and realized that she only had 1/9 of her tank of gas left. She
added another 14 gallons of gas to the tank and went on her way. When she arrived at
her destination, she had 3 gallons left in the tank. How many gallons of gas did she use
on her trip?
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Name:__________________________________________
Test #2
Please solve the following problems.
Use the calculators provided.
Use only a pen.
Record all work in the space provided. Do not scribble or cover any incorrect work.
Simply put an X over the incorrect work.

1. The cost of tickets for a play is $3.00 for adults and $2.00 for children. 350 tickets were
sold and $950 was collected. How many tickets of each type were sold?

2. Tyler’s grandfather collected baseball cards when he was a kid. He paid a total of $3.15
for all the cards. Tyler did some research and found that the cards have increased in
value by 13400%. What is the current value of the cards?
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3. In a student election, 584 students voted for one or the other of two candidates for
president. If the winner received 122 more votes than the loser, how many votes were
cast for each candidate?

4. Emily is twice as old as Matt. Three years ago, she was three times as old as he was.
How old is Matt?
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5. A pond contains 38 goldfish and 77 other fish. If a certain number of goldfish were
added so that goldfish made up 45% of the total fish in the pond, how many goldfish are
now in the pond?

6. The total value of the $1 bills and $5 bills in a cash box is $124. There are 8 more $5 bills
than $1 bills. How many of each are there?
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Survey
Mathematics Problem Solving
Answer the following questions to the best of your ability.

1. If you received instruction, did you
find that you were better able to
solve the problems in test #2, than
you were when you did test #1?

If you did not receive instruction, did
you find that your problem solving skills
improved from test #1 to test #2?

or

2. Did the week off for break affect your memory of how to solve the different
problem types? Explain why and how.

3. Do you think your results would have been better/same/worse if there had not
been the week off from school in the middle of this unit?

For the remaining questions, circle the most appropriate response.

Strongly
Strongly
Disagree Disagree Neutral Agree Agree
4. I enjoy solving word problems in math class.

SD

D

N

A

SA

5. I enjoy math class.

SD

D

N

A

SA

6. I am competent at solving math problems.

SD

D

N

A

SA

7. If I am given enough examples on how to do a type
of problem, I can solve any of those problems.
SD

D

N

A

SA

8. If I am given a diagram for a problem, I can
usually solve it.

SD

D

N

A

SA

9. Reading a problem more than once is a waste
of time.

SD

D

N

A

SA
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10. When I have finished working on a problem,
I check my calculations for errors.

SD

D

N

A

SA

11. I draw diagrams to help me solve problems.

SD

D

N

A

SA

12. My teacher encourages me to draw diagrams
when solving problems.

SD

D

N

A

SA

13. I try to restate a new math problem in my
own words.

SD

D

N

A

SA

14. Drawing a picture or imagining real physical
situations helps me do mathematics.

SD

D

N

A

SA

15. After reading a problem, I try to remember if I
have ever done a similar problem before.

SD

D

N

A

SA

16. It helps to draw a diagram when I am trying to
solve mathematics problems.

SD

D

N

A

SA

17. I read a problem more than once to make certain
I understand it.
SD

D

N

A

SA
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Figure Caption
Figure 1. Correspondence between the non-instruction students’ diagram usage and their
solution accuracy on the first test.
Figure 2. Correspondence between the instruction students’ diagram usage and their
solution accuracy on the first test.
Figure 3. Correspondence between the non-instruction students’ diagram usage and their
solution accuracy on the second test.
Figure 4. Correspondence between the instruction students’ diagram usage and their
solution accuracy on the second test.
Figure 5. The results for students’ sentiments towards solving problems featuring a
diagram in question nine on the initial survey to question eight on the final survey.
Figure 6. A comparison of students’ problem solving habits involving calculation checks
using pie charts, for the first and second surveys.
Figure 7. Students’ responses for the initial and final survey to the effect of the presence
of a diagram in their ability to solve a word problem.
Figure 8. The students’ responses to the importance of re-reading a word problem from
the beginning of the survey to the end.
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Survey 1, Question 9
9%

5%
14%

SD
D
N

36%

A
36%

SA

Survey 2, Question 8
0% 0%
9%
SD
D
27%

N
64%

A
SA
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Survey 1, Question 12
0%
9%
9%

32%

SD
D
N
A
SA

50%

Survey 2, Question 10
0%

0%

0%

SD
36%

D
N

64%

A
SA
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Survey 1, Question 18
9%

4%

9%

23%

SD
D
N
A
SA

55%

Survey 2, Question 16
0% 0%
18%

9%
SD
D
N
A
SA
73%
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Survey 1, Question 19
0%
18%
SD
4%

D
N

55%

A
23%

SA

Survey 2, Question 17
0% 0%
18%
SD
D

46%

N
A
36%

SA

